Abstract. The design of a very compact asymmetric coplanar strip (ACS) feed printed antenna with resonators for WiMax/WLAN applications is presented. The antenna is simply formed by a U-shaped slot embedded at the center of the asymmetric coplanar strip, rectangular split-ring resonator (SRR) embedded on the radiating patch and the asymmetric ground plane. The proposed antenna with a total size of 26.1×8.5mm
Introduction
After the Federal Communications Commission allocated 3.1-10. 6 GHz for UWB systems [1] ,such as imaging system, radars, sensor networks and wireless personal area networks, different types of designs catering to various requirements and applications have been reported [2] [3] [4] .
To reduce the size of compact antennas developed with CPW feed techniques; in past few years, asymmetric coplanar strip fed antenna has been introduced for some held devices. Some ACS-fed antenna with a very compact size of 20×10mm2 has been proposed [3] .The other important issue of UWB systems is possible electromagnetic interference with other devices working in universal frequency band, such as WLAN (5.15-5.85 GHz) or WiMAX (3.3-3.7 GHz). Rejecting certain sub-bands of the UWB range can avoid interference needs [5] . Some dual or multi-rejected band UWB antennas have been presented [6.7] , but the size of those antennas mentioned above mostly is large for some platform.
In this Letter, the design of a small ACS-fed UWB antenna with two rejected bands is presented. By using the ACS-fed structure, the proposed antenna is nearly half the size of the coplanar waveguide-fed antennas. One rectangular SRR are etched on the radiating patch and a U-shaped slot are embedded at the center of the asymmetric coplanar strip, and the proposed antenna not only covers the whole UWB operating bands, but also is simple and miniature. The antenna has a compact size of 26.1 × 8.5 × 1.6 mm 3 , and the dimensions are much more compact compared with the UWB antennas presented in [8.9] . Fig.1 shows the configuration and photograph of the proposed antenna, which is printed on a 1.6mm-thick FR4 substrate with a relative permittivity of 4.4 and a loss tangent of 0.02. The proposed antenna consists of a 50 Ω ACS feedline with a U-shaped slot, a lateral ground plane and a right-angled trapezoidal radiating patch etched with one rectangular SRR. The ACS feedline, with a signal strip width of 2.8 mm and a gap distance of 0.28 mm, is between the signal strip and the asymmetric ground plane. 
Antenna design：

Fig2. Simulated and measured return losses of various antennas involved
The effect of the slot and SRR etched on the feedline and the radiating patch was investigated through simulation. As shown in Fig.2 ; the simulated -10dB impendence bandwidth of antenna without slot and SRR is 10GHz (3.6-10.6GHz), which cannot cover the UWB band totally. Then a U-shaped slot is embedded in the ACS feedline to generate the resonant band at about 5.4GHz. The overall length (L6 + L6 + W5) of the slot is set to be about 1/4λ at the resonant frequency (5.4 GHz in this design) of the antenna. Another notched band is at 3.6GHz by introducing SRR to remove the undesired 3.6GHz WiMax (3.3-3.7 GHz), while the length of SRR is set to be about 1/4λ at the rejected frequency (about 3.6GHz). An ultra-wide impedance matching from 3.1 to 10.6 GHz can be achieved through properly adjusting the dimensions of the antenna. The prototype of the proposed antenna was simulated by Ansoft HFSS 15.0. The optimized design parameters and values are as follows: W = 8.5 mm; W1 = 4 mm; W2 = 1 mm; W3 = 2 mm; W4 = 0.5 mm; L = 26.1 mm; L1 = 14 mm; L2 = 3 mm; L3 = 7 mm; L4 = 8.7mm; L5 = 8.5 mm; S = 2.8 mm; SL1 = 7 mm; SL2 = 0.5 mm; SL3= 1mm; SW1 = 7 mm; SW2 = 0.5 mm.
Results and discussion:
The proposed antenna has been fabricated and measured, and its photograph is shown in Fig.1 . The simulated and measured return losses of this antenna are given in Fig.2 . From this Figure, it can be observed that the measured results are in agreement with the simulated values. The differences between the measured and simulated results at 10-10.6GHz are probably owing to fabrication and test errors. The input impedance bandwidth of the proposed antenna is from 3.1 to 10.6 GHz, in which there are two rejected bands which cover the 3.3-4 GHz band and the 5.0-6.0 GHz band. 3 shows simulated far-field radiation patterns in the H-plane (yoz-plane) and E-plane (xoz-plane) at 3.2, 4.5, 7.5 and 10 GHz respectively. As shown in the Figure, the antenna exhibits nearly omnidirectional H-plane (yoz-plane) and bidirectional E-plane (xoz-plane) patterns. From the H-plane patterns, it can be seen that the radiation pattern deteriorates slightly at the higher resonant frequency, and this may be due to the fact that the asymmetric ground plane of the ACS-fed structure is half of the CPW-fed antenna. The peak gains of the antenna without U-shaped slot and SRR are compared with the proposed antenna. As shown in the Fig 4, the average gains of 1.45, 2.21 and 1dBi  are obtained for the 3.1-3.3GHz, 4 .0-5.0 GHz and 6.0-10.6GHz. It can be observed that the peak gains of the proposed antenna are in good agreement with the antenna without slot and SRR except for two rejected bands which cover 3.3-4 GHz and 5.0-6.0 GHz.
Conclusion
A compact ACS-fed UWB monopole antenna with U-shaped slot and a rectangular SRR has been proposed, manufactured and measured. The proposed antenna has a simple structure and a very compact size of 26.1×8.5×1.6 mm3. The simulated and measured results show the proposed antenna can avoid inferences with the systems working in WiMAX and WLAN band for wireless communication, while keeping a good input impedance in the other UWB band. The simulated and measured results show that the antenna can achieve nearly omnidirectional radiation characteristics and stable gains. The results indicate that the proposed antenna could be a promising candidate for various wireless communication systems.
